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PURPOSE: To integrate a lighl-^mrtting element, a light-receiving element and an 
electronic element on a single substrate and to obtain an photoelectronic device wfth high 
utility, by selectively utilizing the upper or lower face of the Si single-crystal substrate and 
by superposing thereon an amorphous insulation film, a thin film of a compound 
senniconductor and multilayer thin film of said compound semiconductor. 

CONSTITUTION: An SiOg film 2 on an N type Si substrate 1 is provided, on the surface 
thereof, with rectangular stripe grooves with a depth of 10-10^ and a width 
of 0.1-10jim by means of etching. Amorphous or polycrystalline N type GaAs 3 is then 
deposited thereon by the vapor growth, and is heated so that it is rearranged along the 
grooves and that single crystal is caused to grow. Subsequently, an N type AIGaAs layer 
4. an AlGaAS active layer 5. a P type AIGaAs layer 6 and a P type GaAs layer 8 are 
epitaxially deposited to form a laser diode. An N'^ layer 10 is provided in the 
P* layer 9 of the substrate 1 to form an NPN transistor. These are provided 
with protective films 11 and 12. electrodes 8. 13 and 14 and wiring 15, respectively. 
According to this construction, the intensity of laser beams can be controlled with the base 
cun^nt in the transistor. Further, it is also possible to integrate a laser element, a 
light-receiving element and a driving element on one face while integrating a driving 
element and a signal processing arithmatical element on the opposite face. 
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SPECIFICATION 

1. TITLE OF INVENTION 

An Optoelectronic Semiconductor Device 

2. CLAIMS 

(1) An optoelectronic semiconductor device characterized in that it comprises a 
monocrystalline silicon substrate, an amorphous insulator film present on all or a part of a front 
or back surface of said monocrystalline silicon substrate, a compound semiconductor thin film 
present on all or a part of said amorphous insulator film surface, and a multilayer compound 
semiconductor thin film present on all or a part of said compound semiconductor thin film 
surface. 

(2) An optoelectronic semiconductor device according to claim 1 characterized in that 
the aforesaid compound semiconductor thin film comprises a monocrystalline thin film formed 
on the aforesaid amorphous insulator film surface by a method of graphoepitaxial growth, and 
the aforesaid multilayer compound semiconductor^ comprises a multilayer monocrystalline thin 
film formed on the aforesaid compound semiconductor thin film surface by a method of epitaxial 
growth. 

[Japanese text, sheet 473 (1), Specification, column —2—] 



^ Sic viz absence o/*thin film" and resulting awkward reference to antecedents. — 7r. 
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(3) An optoelectronic semiconductor device according to claim 1 characterized in that 
at least one of the aforesaid monocrystalline silicon substrate, the aforesaid compound 
semiconductor thin film, or the aforesaid multilayer compound semiconductor thin film is 
employed as a constituent material of a photoemissive element possessing electronic-optical 
conversion capability or a photoreceptive element possessing optical-electronic conversion 
capability, 

(4) An optoelectronic semiconductor device according to claim 1 or claim 3 
characterized in that at least one of a plurality of electronic elements possessing signal processing 
and operational [logic] capabilities or an electronic element capable of causing operation of the 
aforesaid photoreceptive element or the aforesaid photoemissive element comprising silicon 
semiconductor is formed on a firont or back surface of the aforesaid monocrystalline silicon 
substrate. 

3. DETAILED DESCRIPTION OF THE INVENTION 

Industrial Field of Use 

The present invention relates to substrate structure and function in an optoelectronic 
semiconductor device. 

Conventional Art 

Optical techniques are beginning to be introduced to replace electronic [Japanese text, 
sheet 474 (2), Specification, column —3—] techniques in information transmission and 
information processing in order to take advantage of the high speed, multiplexing ability, 
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precision, and so forth which are characteristic of light. Typical examples of this are audio and 
image reproduction techniques combining optical disks and semiconductor lasers, long-distance 
optical communication techniques employing laser light and optical fibers, for example, and so 
forth. In such optical systems, photoemissive elements which emit laser light or the like, 
photoreceptive elements which convert transmitted optical signals into electrical signals, and 
electronic devices which drive such photoemissive/photoreceptive elements can be said to 
constitute the heart of the optical system.^ Such optical elements and electronic devices are 
beginning to be integrated for the purpose of increasing system miniaturization, performance, 
speed, and so forth. That is, semiconductor lasers (LDs), photodiodes (PDs), and field effect 
transistors (FETs) are being fabricated on the same semiconductor substrate surface, with the 
LDs and PDs being driven by the FETs. For example, as [described] at 1984 Institute of 
Telecommunications Engineers Collected Lectures 4-28, Lecture No. 974,"* an indium phosphide 
FET and an LD comprising an indium/gallium/arsenic/phosphorous system compound 
semiconductor have been fabricated on indium phosphide compound semiconductor substrate, 
with laser light being modulated by the FET. Furthermore, as [described] at Same Collected 
[Lectures] 4-24, [Japanese text, sheet 474 (2), Specification, column —4—] Lecture No. 970, a 
photodiode and an FET have been fabricated on the same substrate surface. Conventionally, 
indium phosphide (In?) substrate and gallium arsenic (GaAs) substrate have primarily been 
employed as the semiconductor substrate used in such optoelectronic semiconductor devices. 
Fabrication of semiconductor laser elements having good characteristics is easy on such 
substrates. 

In addition, there are also instances in which a compound semiconductor has been grown 
on silicon substrate to fabricate an optoelectronic semiconductor device. At 1984 Institute of 

^ Here and below, somewhat circular and repetitive style reflects same in Japanese text. ~-Tr. 

"1984 Dentsu Gakkai Kouen Ronbunshu 4-28, Kouen Bangou 974" in the Japanese text. Similar comment 
applies to references below. — Tr. 
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Telecommunications Engineers Collected Lectures 2-17, Lecture No. 255, germanium was 
epitaxially grown on monocry stall ine silicon substrate, with gallium arsenide being furthermore 
epitaxially grown on the surface thereof, and an FET being fabricated on that gallium arsenide. 
At [t]he 16th Conference on Solid State Devices and Materials 1984, Lecture No. C 1 1, just as in 
the aforementioned example, crystalline gallium arsenide was grown on monocrystalline silicon 
substrate with germanium intervening therebetween, following which a laser diode was 
fabricated on the surface thereof and [the device] was made to produce pulsed emission. 

[Japanese text, sheet 474 (2), Specification, column —5—] 

Problems to Be Solved by Invention 

However, the conventional art described above has problems such as the following. To 
wit, besides problems affecting characteristics such as the fact that drive voltage cannot be made 
[very] high for FETs and other such electronic devices on compound semiconductor substrates, 
the fact that there are a large number of states at the MIS (Metal-Insulator-Semiconductor) 
interface and it is difficult to control threshold voltage, the fact that mobility of holes is low, and 
the fact that the forbidden band is too wide, there are also the problems of poor stability and 
reliability. Furthermore, the compound semiconductor substrate itself also suffers from such 
problems as poor crystallinity, high substrate cost, tendency to fracture, and unsuitability for 
large diameters. Accordingly, an optoelectronic semiconductor device employing conventional 
compound semiconductor substrate and having sufficiently satisfactory characteristics when used 
in practical applications has not been obtained. 
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With regard to [devices] employing monocrystalline silicon substrate, because there is a 
difference of 4% or more in the lattice constant^ of monocrystalline silicon and monocrystalline 
gallium arsenide, lattice mismatch occurs therebetween. For this reason, lattice defects and lattice 
strain being produced in monocrystalline gallium arsenide, there has been the problem that it has 
not been possible to obtain an electronic element or optical element having good characteristics 
on monocrystalline gallium arsenide, [Japanese text, sheet 474 (2), Specification, column —6—], 
and [such elements] are lacking in reliability and reproducibility. 

Solution of such problems is therefore a purpose of the present invention, and as such its 
object is to provide a highly practical optoelectronic semiconductor device wherein electronic 
element(s), photoreceptive element(s), and photoemissive element(s) having excellent 
characteristics and high reliability are integrated on the same substrate. 

Means for Solving Problems 

The optoelectronic semiconductor device of the present invention is characterized in that 
it comprises a monocrystalline silicon substrate, an amorphous insulator film present on all or a 
part of a front or back surface* of said monocrystalline silicon substrate, a compound 
semiconductor thin film present on all or a part of said amorphous insulator film surface, and a 
multilayer compound semiconductor thin film present on all or a part of said compound 
semiconductor thin film surface; the aforesaid compound semiconductor thin film comprising a 
monocrystalline thin film formed by a method of graphoepitaxial growth; the aforesaid 
multilayer compound semiconductor thin film comprising a multilayer monocrystalline thin film 
formed by. a method of epitaxial growth; the aforesaid monocrystalline silicon substrate, the 
aforesaid compound semiconductor thin film, and the aforesaid multilayer compound 



There appears to be a minor typographical error in the Japanese text at this location. — Tr 
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semiconductor thin film being employed as constituent materials of a photoemissive [Japanese 
text, sheet 475 (3), Specification, column —7—] element or a photoreceptive element; and an 
electronic circuit possessing signal processing and operational [logic] capabilities and an 
electronic element capable of causing operation of a photoreceptive element or photoemissive 
element comprising silicon semiconductor being formed on a front or back surface of the 
aforesaid monocrystalline silicon substrate. 

Working Example 1 

A working example of the present invention is shown in FIG. 1. At FIG. 1, 1 is A7-type 
monocrystalline silicon substrate having a (100) facial orientation and an impurity concentration 
on the order of 10^^ cm'\ 2 is an amorphous insulator film comprising Si02 (silicon dioxide) 
several microns in thickness formed on the aforesaid «-type silicon substrate surface by the 
thermal oxidation method or the chemical vapor phase grov^ method^ or the sputtering method, 
or the like. A rectangular stripe channel having a depth on the order of 10 to 10000 angstroms 
and a width on the order of 0.1 to 10 microns is formed on the surface of this amorphous 
insulator film by etching at a pitch of 0.1 to 10 microns. Among the etching methods [which may 
be used here] are wet etching methods employing hydrogen-fluoride-type etchants and reactive 
ion etching methods employing Freon (CF4) or the like as reactive gas. [The dimension in] the 
long direction of the channel is [Japanese text, sheet 475 (3), Specification, column —8—] 
arbitrary. While the present working example employs Si02 as amorphous insulator film, silicon 
nitride (Si^Ny), alumina (AI2O3), and so forth may also be used. 3 is an w-type monocrystalline 
gallium arsenide thin film which has been graphoepitaxially grown on the aforesaid amorphous 
insulator film. Graphoepitaxial growth of monocrystalline gallium arsenide [may be carried out 



^ Term in Japanese text is different from Japanese term ordinarily used for "chemical vapor deposition." Similar 
comment applies to terms below, — Tr. 
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by] first employing the vapor phase growth method, the organometallic vapor phase growth 
method, the molecular beam epitaxial method, or the like to deposit an amorphous or 
polycrystalline gallium arsenide thin film on the surface of an Si02 film possessing channel(s) as 
shown at 2, and then heating using a laser, infi-ared lamp, heater, or the like and causing the 
gallium arsenide to be reoriented parallel to the channel(s), permitting monocrystalline growth. 
The graphoepitaxially grown monocrystalline gallium arsenide thin film [may be] several to 
several tens of microns in thickness. To improve monocrystallinity over the gallium arsenide 
surface, the liquid phase growth method, vapor phase growth method, or other such thermal 
equilibrium growth method may be used to grow monocrystalline gallium arsenide of good film 
quality on the graphoepitaxial gallium arsenide crystal surface. The graphoepitaxial method may 
be utilized not only with gallium arsenide, but also in the growth of other Group [illeg.]-W 
system compound [Japanese text, sheet 475 (3), Specification, column —9—] semiconductors. 
Group II-VI system compound semiconductors. Group IV compound semiconductors, silicon, 
and other crystals. At FIG. 1, 4 through 8 are compound semiconductor thin films which together 
with 3 constitute a double heterostructure /?-« junction semiconductor laser. 4 is a first cladding 
layer comprising «-type monocrystalline aluminum/gallium/arsenic, 5 is an active layer 
comprising monocrystalline aluminum/gallium/arsenic of low impurity concentration, 6 is a 
second cladding layer comprising />-type monocrystalline aluminum/gallium/arsenic, 7 is a 
current confinement layer comprising «-type gallium/arsenic, and 8 is a surface cap layer 
comprising /?-type gallium/arsenic. While a double heterostructure semiconductor laser diode is 
fabricated in the present working example, in addition hereto it is also possible to fabricate 
distributed-feedback-type lasers, multiquantum wells, superlattice lasers, and so forth. 16 is an 
electrode comprising Au-Zn/Au for making ohmic contact fi-om the /7-type gallium/arsenic layer 
of 8. 

9 is a p^'typt layer formed by introduction of impurities within the «-type 
monocrystalline silicon substrate, and 10 is an w'^-type layer formed by introduction of 
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impurities within the aforementioned /?-type layer. An wpn-type [Bridging seal at bottom of 
column illegible, —Tr,] [Japanese text, sheet 475 (3), Specification, column —10—] bipolar 
transistor is formed by 1, 9, and 10. That is, 1 is a collector, 9 is a base, and 10 is an emitter. 1 1 is 
a silicon substrate surface passivation film, and 12 is a compound semiconductor layer surface 
protection film. 13 is an Al electrode that makes ohmic contact from the silicon. 14 is an Au- 
Ge/Au electrode that makes ohmic contact from the w-type monocrystalline gallium arsenide thin 
film. 15 is wiring traces. 

In the structure at FIG. 1, the « side of the semiconductor laser diode is connected to the 
collector region of the bipolar transistor. Furthermore, with^ the p side of the semiconductor laser 
diode at a positive electric potential and the emitter of the bipolar transistor at a negative electric 
potential, application of a given potential to the base of the bipolar transistor will cause current to 
flow at the semiconductor laser diode, [producing] laser oscillation, and this optoelectronic 
semiconductor device will emit laser light. The intensity of the emitted laser light can be 
controlled by means of the current at the base of the bipolar transistor. 

The present working example is an example of an optoelectronic semiconductor device in 
which a semiconductor laser and a bipolar drive transistor have been [Bridging seal at bottom of 
column illegible. —Jr.] [Japanese text, sheet 476 (4), Specification, column— 11— \ integrated. 
A field effect transistor, static induction transistor, or the like may be used in place of the bipolar 
transistor. Furthermore, there is no reason that a plurality of semiconductor lasers or a plurality 
of transistors cannot be integrated [thereon]. 

Working Example 2 



There appears to be a minor typographical error in the Japanese text at this location. — Tr, 
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A second working example of the present invention is shown in FIG. 2. This working 
example is characterized by the fact that a semiconductor laser, a photodiode, and a drive 
transistor are integrated on the same substrate surface. 

At FIG. 2, 17 is a/?-type monocrystalline silicon substrate. T is an A7-type monocrystalline 
silicon film which has been epitaxially grown on the aforesaid /7-type monocrystalline silicon 
substrate. The specifications and purpose for using the present /7-type monocrystalline silicon 
film are identical to those of the «-type monocrystalline silicon substrate of 1 described at 
Working Example 1. T through 8' and 16' of FIG. 2 correspond to 2 through 8 and 16 described 
at Working Example 1 . 1 8 is a P^-type* diffusion layer for isolation of elements. 1 9, 2 1 , and 23 
are P^-type diffusion layers; 20 and 22 are w^-type diffusion layers. 24 is a silicon surface 
passivation film, and 25 through 32 are metal electrodes that make ohmic contact fi-om [Japanese 
text, sheet 476 (4), Specification, column —12—] respective regions of the silicon. 1" is a 
collector, 19 is a base, and 20 is an emitter, and 25, 26, and 27 are respectively electrodes for the 
collector, base, and emitter, forming a first bipolar transistor. 1'", 21, 22, 28, 29, and 30 
respectively correspond to the aforementioned 1 19, 20, 25, 26, and 27, forming a second 
bipolar transistor. T" is n-type silicon, 23 is /?^-type silicon, 31 is an w-type[-material]-side 
electrode, and 32 is a/?''-type[-material]-side electrode, a p^n photodiode being formed by 1'", 23, 
31, and 32. The first bipolar transistor drives a semiconductor laser, and the second bipolar 
transistor drives a photodiode. Because this optoelectronic semiconductor device is such that 
photoreception and photoemission are carried out on a single chip, not only can it be used as a 
repeater for signal transmission using optical fibers but it can also be applied to use in an optical 
amplifier, an optical-optical signal converter, or the like. While a p'n photodiode was used as 
photodiode in the present working example, a pin photodiode or an avalanche photodiode may 
also be used thereas. 



^ Here and below, capital "P" rather than italicized accurately reflects same in Japanese text. ~7>. 
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[Japanese text, sheet 476 (4), Specification, column —13—] 
Working Example 3 

Another working example of the present invention is shown in FIG. 3. This working 
example is characterized by the fact that both the front and the back surface of a silicon substrate 
are used to constitute an optoelectronic semiconductor device. 

At FIG. 3, 33 is a p-typc^ monocrystalline silicon substrate, both the front and the back 
surface of which have been polished to a mirror finish. The substrate has a (100) facial 
orientation and an impurity concentration on the order of 1x10^^ cm"^ 34 through 40 and 41 
correspond to 2 through 8 and 16 indicated [with reference to] Working Example 1, a laser 
element being constituted at the back face of the monocrystalline silicon substrate. 35, and 36 
through 40, are compound semiconductor thin films grown using the graphoepitaxial method and 
the ordinary epitaxial method, respectively. 41 and 42 are metal electrodes. 

43 is an w^-type source or drain region for a MOSFET (Metal-Oxide-Semiconductor Field 
Effect Transistor) formed on the back face of the /7"-type monocrystalline silicon substrate of 33. 
This «^-type region [may be] formed by the ion implantation method or the diffusion method. 44 
is a gate insulator film, 45 is a gate electrode, 46 is an insulator film for [Japanese text, sheet 476 
(4), Specification, column —14—] surface passivation, and 47 is metal wiring traces. A MOSFET 
formed on the front face constitutes an electronic circuit possessing signal processing and 
operational [logic] capabilities. Electronic element(s) that drive photoreceptive/photoemissive 



^ English translation accurately reflects Japanese text. Allowance for possible typographical error in Japanese 
text would make this "/?"-type." — 7r. 
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element(s) formed on the back face may be formed on the front or back face*° of the silicon 
substrate. Photoreceptive element(s) may also be formed likewise. Because such plurality of 
elements are organically coupled'' and are controlled by an electronic circuit possessing 
operational [logic] capability, [they] may be utilized as an interface for a terminal or a repeater 
for an optical signal transmission system using optical fibers. 

Effects of the Invention 

The present invention has effects such as the following. 

< 1 > Integration of a plurality of photoemissi ve elements/photoreceptive elements, 
electronic drive elements, and signal processing [and] operational [logic] elements on the same 
substrate is permitted. Furthermore, integration facilitates device miniaturization, and an 
optoelectronic semiconductor device having high reliability can be obtained. 

<2> Because an Si02 or other such inactive insulator layer is formed as an 
intermediate layer over silicon substrate [prior to formation of] compound semiconductor thin 
film, contamination of monocrystalline silicon substrate by impurities during [Japanese text, 
sheet 477 (5), Specification, column —15—] compound semiconductor thin film growth can be 
avoided. Furthermore, there is little mutual interference between electronic element(s) on the 
silicon substrate surface and element(s) comprising compound semiconductor thin film(s), and 
electrical controllability of the device is good. Furthermore, device design is also facilitated. 



There appears to be a typographical error in the Japanese text at this location. —Tr. 

Depending on context, which is ambiguous here, term in Japanese text may also be translated as "bonded." — 
Tr. 
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<3> The problem of lattice defects and lattice strain due to lattice mismatch is no 
longer present with monocrystal(s) grown as a result of introduction of graphoepitaxial 
techniques, and elements having good characteristics can be obtained. Furthermore, because 
many varieties of compound semiconductor monocrystals can be grown, many varieties of 
optoelectronic semiconductor devices can be constructed. 

<4> Because introduction of existing planar silicon techniques to silicon photodiodes 
and electronic silicon elements formed on the surface of monocrystalline silicon substrate is 
permitted, fabrication of elements excelling not only in performance and reliability but also in 
versatility is permitted. 

<5> Monocrystalline silicon substrate can be mass-produced and large-area 
[specimens] can be purchased cheaply. Furthermore, monocrystalline silicon substrate quality is 
satisfactory. Accordingly, because an optoelectronic semiconductor device employing 
monocrystalline silicon substrate can be mass-produced with good yield, [it] will be inexpensive. 

[Japanese text, sheet 477 (5), Specification, column —16—] 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 through FIG. 3 show simplified [depictions] of specific working examples of the 
present invention. FIG. 1 is a drawing showing a working example in which a semiconductor 
laser element and a silicon electronic drive element are integrated on the same silicon substrate; 
FIG. 2 is a drawing showing a working example in which a semiconductor laser element a 
silicon photoreceptive element, and an electronic silicon drive element are integrated; and FIG. 3 
is a drawing showing a semiconductor laser on a silicon substrate surface, working example(s) in 
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which drive element(s) and signal processing and operational [logic] element(s) are integrated on 
the surface being respectively shown* I 



1 


/7-Type monocrystalline silicon substrate 


r, 1", 1'" 


/7-Type monocrystalline silicon 


2,2', 34 


Amorphous insulator film 


3,3, 35 


Monocrystalline gallium arsenide thin film'^ 


4,4', 36 


«-Type monocrystalline aluminum/gallium/arsenic 


5, 5', 37 


Monocrystalline aliraiinum/gallium/arsenic 


6, 6', 38 


/7-Type monocrystalline aluminimi/gallivun/arsenic 



[Japanese text, sheet 477 (5), Specification, column —17—] 



7, 7, 39 


/7-Type gallium/arsenic 


8, 8', 40 


p-Type gallium/arsenic 


9 


p'^-Type silicon layer 


10 


n"'"-Type silicon layer 


11 


Surface passivation film 


12 


Surface protection film 


13 


Electrode 


14 


Electrode 


15 


Wiring traces 


16, 16', 41 


Electrode 


17 


p-Type monocrystalline silicon substrate 



Slight awkwardness and ambiguity accurately reflects same in Japanese text, —Tr. 

There appears to be a typographical error in the Japanese text with regard to the reference numerals at left. 
Reference numerals here accurately reflect those in Japanese text. —Tr. 
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1 8 /^^-Type diffusion layer 

1 9, 2 1 , 23 /?*-Type diffusion layer 

20, 22 w'^-Type diffusion layer 

24 Surface passivation film 

25 through 32 Metal electrode 

33 /7"-Type monocrystalline silicon substrate 

42 Electrode 

43 w'^-Type source/drain region 

44 Gate insulator film 



[Japanese text, sheet 477 (5), Specification, column —J 8—] 



45 Gate electrode 

46 Insulator film for surface passivation 

47 Metal v^ring traces 



END 

Applicant: KABUSHIKI KAISHA SUWA SEIKOSHA 

Agent: Tsutomu MOGAMI, Patent Attorney 

[Seal:] [Illeg.] 



[Japanese text, sheet 478 (6), Drawings] 
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FIG. 1 
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FIG. 2 
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